In this presentation I will profile a course in electronic packaging that I have introduced in the spring semester, 2001, at Rutgers University, School of Electrical and Computer Engineering. This presentation will first present a brief overview of the whole course and its status and then highlight the audio recording process. The course is targeted to the general population of electrical engineering students and industry part time students. The proposed course presents the concepts of analyzing and electrically modeling the IC package and investigates the package effects on signal integrity. Since packaging cantributes significantly to the cost to manufacture an integrated circuit, this course will be of interest to students intended for employment in the microelectronics industry.
Introduction
Communication systems and information processing systems require IC's that need to combine the attributes of low power consumption, good performance and small size. To meet this performance challenge, as well as adding features to shrinking system sizes, the system interconnect of packaging will have a paramount effect on signal integrity and chip to chip communication speed. Package inductance, capacitance, mutual inductance and mutual capacitance will affect resonances, generate spurious oscillations and introduce noise and delays into the systems.
Courses offered in major universities that address packaging are typically in the department of Mechanical Engineering. These courses cover the materials and thermal properties of packaging. The proposed course will be in the Electrical and Computer Engineering department and will deal with the electrical characterization and modeling of the parasitics of integrated circuit packaging. The motivation of the proposed course is to introduce the concepts of analyzing and electrically modeling the IC package parasitic effects and to investigate the impact these effects have on signal speed and integrity for the electronic devices which they house. This course will be of interest to circuit design engineers who need to understand the electrical effects contributed hy the package parasitics to their circuit designs. Therefore, the emphasis of the course will be placed on the electrical characterization of packaging rather than the mechanical issues in order to meet the needs of the circuit designer as well as the package designer. Since packaging contributes 45% of the cost to manufacture an integrated circuit, this course will provide the student audience with an experience that the microelectronics industry will find very valuable in addressing their high speed, high density and low cost IC designs.
Course Status
Starting in September, 2001, equations, charts, graphs and other figures pertaining to inductance, resistance, capacitance, characteristic impedance, signal integrity and noise, electrical package modeling and model verification were entered into PowerPoint with notes about the topics entered as text beneath the slides.
In the spring semester of 2003 the Electronics Packaging course was taught again at Rutgers University. The course was taught from the PowerPoint slides that were generated for the CD ROM and WEB based course. The seven modules were revised and updated throughout the spring semester. Samples of the slides for the various modules will he presented at the conference.
The module units are designed to stand-alone so that the audience would be able to learn any one topic of their choice. The series of modules, if taken in sequence, would provide the audience with a complete course. During the [2003] [2004] academic year, the slides will have spoken comments added employing Sync-0-Matic software so that web based lectures can be produced. The total project should be complete and a few CD's available for demonstration by the ECTC 2004 conference.
Audio And Web Page Setup
This section will briefly explain the procedure for setting up the audio and web page for the slides produced for the web-based course that was introduced in this paper. Sync-0-Matic was used to generate the video portion of the web page for each slide of the modules. In the early stages of the process, Sync-0-Matic was also used for the audio recording for the web pages, however, this process proved to be very difficult and time consuming. Lacking a pause control, a whole slide had to he recorded without stopping. This led to re-recording many slides if the author wanted to add additional information while the audio was first recorded. A 07803-8365a1041$20.00 02004 IEEE pause control would allow the author stop the recording and then restart, to add additional comments during the initial recording. Therefore. a different recording software had to be used because the newer version of Real Producer is not compatible with Sync-0-Matic. Older versions of Real Producer are not available. There are several audio recording software programs available that could be used to record the audio portion of the slide. In this course, Audio Record Wizard was used. The following is a step-by-step procedure, which was used to produce the web-base course at Rutgers University.
Step 1:
Since recording the audio for each slide has to be made separately, the slides first need to be separated into individual files. Then the Sync-0-Matic software is used to convert each slide into an image and then a web page. Fig. 1 shows the interface of Sync-0-Matic. After converting the PowerPoint Slides into the web page format, each individual slide is renamed into a filename, which could be easily, be identified hy the author.
Step 3:
Once all the slides are converted into the web page format, the recording process is started. Instead of recording the modules' slides all at one time, they are each recorded separately. By using the recording software Audio Record Wizard, the audio file is in *.mp3 format instead of *.rm.
Step 4:
After all of the audio recordings have been completed, the important issue is to then change some of the content in the *.html file of each slide to set the right path to the right audio portion (see Fig. 2 arrow) . Also, the pointer set content of the *.html needed to be modified to match the audio file with the video slide. Fig. 2 shows an example of the text of the *.btml file and also shows the text needed to be added.
Step 5:
The process is completed after all the *.html files are changed to proper file content. Each module is done separately and stored in a separate folder for maintenance purposes. Each individual audio piece can be selected and rerecorded over if a mistake is found.
The process of creating the web-base course using this method is more complex compared to the original method employing just the Sync-0-Matic software, however, the author has more flexibility in the recording process. Also, the author could replace or correct the audio content of any slide more easily.
Conclusions
Electrical circuit analysis and modeling of IC packages are necessary to accurately simulate the response of the assembled device. While models of discrete components are readily available from manufacturers. models of integrated circuit packages containing reactive parasitics are much harder to obtain. Many companies do not have the resources to purchase expensive software or dedicate and train staff for this task. The electronic industry will need to have a generation of academically trained IC circuit designers who have an understanding of the performance degradation that the IC package produces.
This course is a tutorial on the methods of analyzing an IC package and determining its electrical characteristics. It starts with providing the student with the theory and equations necessary to electrically analyze and model various types of packages. Also covered in the course are the techniques for verifying the simulation models studied in earlier parts of the course.
Chip packages play a large role in the performance of high performance processing IC's and the knowledge gained in this course would provide a useful tool for a design engineer.
